r Hypoxaemia evokes a repertoire of homeostatic adjustments that maintain oxygen supply to organs and tissues including the brain and skeletal muscles.
Introduction
Humans are vulnerable to environmental and pathologically-induced arterial desaturation, which in turn threatens cellular integrity and may result in severe tissue damage or death (Costa et al. 2014) . The reliance on aerobic metabolism and the absence of oxygen storage (Raichle & Gusnard, 2002) characterize the human brain as a representative organ of this particular vulnerability to hypoxia. Skeletal muscles, on the other hand, are tolerant to transitory hypoxaemia as a result of their myoglobin content, trivial resting oxygen demand and capacity for anaerobic metabolism (Lundby et al. 2009 ). Nonetheless, long-term adaptations to environmental or pathological hypoxia involve muscle wasting and the downregulation of protein synthesis (Lundby et al. 2009 ).
Not surprisingly, hypoxaemia evokes a repertoire of homeostatic adjustments that maintain oxygen supply to organs and tissues, including the brain (Kety & Schmidt, 1948) and skeletal muscles (Richards et al. 2017) . In response to reduced arterial oxygen tension (P aO 2 ), input from oxygen-sensing glomus cells reaches medullary cardiorespiratory centres and provokes hyperventilation, tachycardia, and increased sympathetic drive to the heart and blood vessels (Somers et al. 1988) . Despite increases in vasoconstrictor activity, endothelium-dependent vasodilatation and increased perfusion have been reported in cerebral (Willie et al. 2012) and muscular (Richards et al. 2017 ) vascular beds during hypoxia.
Hypoxia-induced increase in cerebral blood flow (CBF) maintains brain oxygen delivery and metabolic stability . Although hyperventilation-related hypocapnia and consequent cerebral vasoconstriction restrain brain perfusion, isocapnic hypoxia (IH) leads to vasodilatation and increased CBF (Willie et al. 2012) , characterizing IH as an interesting model for exploring the controlling and disrupting factors of human cerebrovascular regulation. Cerebrovascular responses to IH also include heterogeneous increments in perfusion with preferential cardiac output distribution to phylogenetically 'old' cerebral regions, including the putamen, thalamus, caudate nucleus and brainstem (Binks et al. 2008) . By contrast to the brain, hypoxic vasodilatation and increases in skeletal muscle perfusion are exclusively driven by reductions in P aO 2 (Richards et al. 2017) . These compensatory increases in cerebral and muscle blood flow in response to hypoxia have not been related to reductions in sympathetic transduction but, instead, to deoxyhaemoglobin-mediated release of vasoactive factors, β-adrenergic receptor activation, and an interplay between endothelium-derived compounds as nitric oxide (NO) and adenosine .
In addition to the threat to oxygen homeostasis, episodes of hypoxaemia, such as those related to intermittent collapse of the pharynx during sleep, may also be involved in the aetiology of cardiovascular diseases (Foster et al. 2010) . Transitory hypoxaemic insults may result in nocturnal transient increases in arterial pressure and eventually lead to sustained daily hypertension (Foster et al. 2010 ), a major leading risk factor for stroke. In addition to the epidemiological and mechanistic evidence indicating a bidirectional relationship between hypertension and sleep apnoea-induced desaturation (Kasai et al. 2012) , hypertensive patients show impaired endothelium-dependent vasodilatation (Taddei et al. 1995) and increased chemoreflex-induced sympathetic activation (Somers et al. 1988) . These findings raise the hypothesis that hypertension impairs hypoxia-induced brain and skeletal muscle vasodilatation and limits their oxygen supply via either increased sympathetic activity or attenuated vasodilatory signalling. We tested this hypothesis via the quantification of internal carotid artery (ICA), vertebral artery (VA) and femoral artery (FA) blood flow and muscle sympathetic nerve activity (MSNA) in normotensive and hypertensive men exposed to IH.
Methods

Ethical approval
Before engaging in the present study, participants provided their written consent after receiving a detailed explanation of the experimental procedures, which were conducted in accordance to the Declaration of Helsinki, except for registration in a database, and approved by the Ethical Committee for Research of the Fluminense Federal University (CAAE: 54362116.3.0000.5243).
Subjects
Recruitment of subjects involved the distribution of pamphlets/posters targeting untreated stage 1 hypertensive men (140-159 mmHg systolic arterial pressure and 90-99 mmHg diastolic arterial pressure) (Chobanian et al. 2003) . Screening involved at least three daily-automated blood pressure measurements (HEM-742INT; Omron Healthcare, Kyoto, Japan) over 2 days and hypertension was confirmed via 24 h ambulatory blood pressure monitoring (Dyna-MAPA; Cardios, São Paulo, Brazil). Eligible men were also screened for insonation of the right ICA and the left VA by Doppler ultrasound. Nine untreated hypertensive subjects (HT) (aged 44 ± 12 years) then engaged in the study. Inclusion criteria also included (i) no current enrollment in pharmacological treatment or exercise training; (ii) no history of smoking, prior cardiovascular event or any other chronic disease; and (iii) no exposure to high altitudes (ࣙ2000 m above sea level) within the last 6 months. At the end of the study, subjects were forwarded to medical attention. Nine normotensive (<120 mmHg systolic and <80 mmHg diastolic pressure) healthy men (NT) (aged 40 ± 11 years) were also recruited from the local community.
Instrumentation
Heart rate was monitored by a lead II electrocardiogram (BioAmp, MLA2540; ADInstruments, Bella Vista, NSW, Australia). Beat-to-beat mean arterial pressure (MAP) was measured by finger photoplethysmography (Finometer Pro; Finapres Medical Systems, Arnhem, The Netherlands) and validated by measurements of right brachial artery pressure (EM-759-E; Omron Healthcare). A piezoelectric transducer (MLT1132 respiratory belt; ADInstruments) monitored breathing-related changes in abdominal or thoracic circumference. Arterial oxygen saturation was quantified via earlobe oxymetry (Oximeter Pod; ADInstruments). Subjects breathed through either a mouthpiece (wearing a nose clip) or a mask connected to a gas analyser (Ultima CPX; Medgraphics, St Paul, MN, USA) when breath-by-breath ventilation, tidal volume, end-tidal oxygen (P ETO 2 ) and carbon dioxide (P ETCO 2 ) partial pressures were registered.
Arterial diameter and insonation angle-corrected (60°) blood velocity (BV) spectra were simultaneously registered by three high-resolution Doppler ultrasound systems (Vivid 7; General Electric, Horten, Norway; Logiq P5 and Logic E; GE Medical Systems, Milwaukee, WI, USA) with multifrequency linear array (8-12 MHz) probes. The subject's chin was elevated to facilitate right ICA insonation at 1.5-2.0 cm distal from its bifurcation. Left VA was preferentially insonated between C4 and C5. When reliable/high quality images were not obtained, VA was insonated either between C5 and C6 or close to the vertebral column. For quantification of peripheral blood flow, the left leg was 20°abducted and common FA located midway between the superior iliac spine and the pubis at least 2 cm distal to its bifurcation into the deep and superficial branches. Sample volume was positioned at the centre of the vessel and adjusted to span it width. Probes location was marked on the skin to maintain their position throughout the protocol. MSNA was recorded via microneurography (Somers et al. 1988) . A unipolar tungsten needle electrode (FHC, Bowdoinham, ME, USA) was inserted into a muscle fascicle of the right peroneal nerve at the fibular head, whereas a reference electrode was introduced centimetres away from the recording site. Adjustments in the recording electrode were made to reach a site in which nerve activity displayed a pulse synchronous pattern of spontaneous bursts with a signal-to-noise ratio of 3:1, no responses to unexpected loud noise or skin stroking, and a substantial increase during an end-expiratory breath-hold or a Valsalva manoeuvre. The mean voltage neurogram (Iowa Bioengineering, Iowa City, IA, USA) was obtained via amplification (×100,000), filtration (bandwidth 700-2,000 Hz), rectification and integration (time constant 0.1 s) of the raw signal.
Experimental set-up
Subjects attended a morning session at least 48 h after screening and familiarization. Instructions included abstinence from caffeine, alcohol and vigorous exercise on the previous day. Upon arrival at the facility, fasting subjects were instrumented and then rested supine in a dark, temperature-controlled, quiet room. Respiratory rate, ventilation, tidal volume, P ETO 2 and P ETCO 2 were monitored for 20 min when subjects breathed normoxic gas (NX; 21% O 2 and 79% N 2 ). A target eupnoeic P ETCO 2 was defined. Subsequently, the subjects followed a metronome and breathed 20 respiratory incursions min -1 for a 5-min NX trial in which the target P ETCO 2 was maintained. An IH (10% O 2 and 90% N 2 ) trial was then started for 5 min to reach a target O 2 saturation range (75-80%). Verbal instructions to control tidal volume were provided to maintain the target P ETCO 2 . A rebreathing circuit maintained the isocapnic-breathing pattern. ICA, VA and FA diameter and BV waverform J Physiol 596.7 were simultaneously registered during the last 30 s of each trial.
Data analysis and calculations
Ventilatory and Doppler ultrasound parameters were manually synchronized, whereas other variables were simultaneously registered at 1 kHz and stored for offline analysis (PowerLab 16SP hardware and LabChart 7 software; ADInstruments). MSNA was measured via an automated MATLAB (MathWorks Inc., Natick, MA, USA) routine during the last minute of both trials and quantified as burst frequency (bursts min -1 ) and incidence (bursts 100 heart beats -1 ). Mean BV was determined through a function encoded by the Doppler ultrasound system. For arterial diameter, B-mode video signals were encoded in real time, captured by an USB video board (Easycap, DC60, Leadership; São Paulo, SP, Brazil) and stored as digital AVI files. The analysis was initiated by uploading the AVI files to an automated edge detection and wall-tracking software ( ] were derived from ICA and VA BF. Arterial oxygen content [CaO 2 (mL dL −1 )] was estimated as: Hb × 1.36 × (S aO 2 /100) + 0.003 × P aO 2 , where Hb represents haemoglobin in arterial blood, 1.36 is the affinity of O 2 for haemoglobin, S aO 2 is arterial oxygen saturation, 0.003 is the percentage of O 2 dissolved in the blood and P aO 2 is its partial pressure. Venous haemoglobin was obtained during screening and used as the arterial concentration. S aO 2 was quantified by the oximeter and P ETO 2 replaced P aO 2 (Hoiland et al. 2017) . ICA (ICA DO 2 = ICA BF × CaO 2 /100), VA (VA DO 2 = VA BF × C aO2 /100), total [CDO 2 = tCBF × C aO2 /100 (mL min -1 )], molar [MtCDO 2 = MtCBF × C aO2/ 100 (mL min −1 )] and leg [LDO 2 = FA BF × C aO2 /100 (mL min −1 )] O 2 deliveries were calculated. ICA, VA, tCBF, molar tCBF and FA BF [R BF S aO 2 = (IH BF -NX BF) / (NX S aO 2 -IH S aO 2 ) (mL min S aO 2 −1 )], and conductance [R CT S aO 2 = (IH CT -NX CT) / (NX S aO 2 -IH S aO 2 ) (mL mmHg -1 min -1 S aO 2 -1 )] reactivity to desaturation were determined. Cardiac output (CO) was derived from the arterial pressure waveform using the Modelflow 
Statistical analysis
Data are presented as the mean ± SD. A two-tailed unpaired Student's t test was applied to identify between-group disparities in clinical variables and changes between IH and NX. Significant within-and between-subject main effects, as well as time group interactions, were detected by a mixed model two-way ANOVA. Appropriate multiple comparisons analyses were performed using either two-tailed paired or unpaired Student's t tests. Correlation was used to examine the relationships between changes in haemodynamic and MSNA variables. P < 0.05 was considered statistically significant. Analyses were undertaken using SPSS, version 21.0 (IBM Corp., Armonk, NY, USA).
Results
The profile of the subjects is displayed in Table 1 . Except for systolic and diastolic pressures, which, by design, were higher in HT, no other disparity was observed between the groups. As indicated in Table 2 , IH provoked similar reductions in P ETO 2 , arterial oxygen content and desaturation, whereas equivalent elevations in heart rate, CO, CT and ventilation were observed in the groups. There were no changes in MAP and P ETCO 2 during IH. Table 2 also describes changes in arterial diameter, BV, conductance, CO fractional distribution and oxygen delivery during NX and IH. ICA insonation failed in one subject of each experimental group as a result of either a breathing-related shift of the artery position or poor imaging quality. NT and HT presented similar ICA parameters during NX and IH caused comparable increases in BF, a response mediated by equivalent changes in vessel diameter and BV. By contrast, IH-induced increases in ICA CT and CO fractional distribution were greater in NT. IH did not change ICA DO 2 in both groups.
Impaired vasodilatation and smaller increase in BV resulted in blunted VA BF and CT responses when HT were exposed to IH. Although a significant interaction was demonstrated for VA CO fractional distribution, post hoc analysis failed to reveal significant time and group effects. NT had greater VA DO 2 than HT during IH. A within-group analysis did not detect disparities when ICA and VA BF changes to IH were compared in NT (ICA 54 ± 22 vs. VA 67 ± 49%, P = 0.187). However, IH evoked greater increases in NT ICA CT (ICA +2.2 ± 1.0 vs. VA +0.9 ± 0.5 mL mmHg min −1 , P = 0.002). NT ICA R BF S aO 2 and R CT S aO 2 were greater compared to VA responses (Table 3) . HT presented similar changes in BF (ICA +33 ± 26 vs. VA +17 ± 21%, P = 0.379) and an increased ICA CT (ICA +1.0 ± 1.0 vs. VA +0.1 ± 0.2 mL mmHg min −1 , P = 0.05). HT ICA R BF S aO 2 was also greater, with a tendency for an increased ICA R CT S aO 2 (P = 0.064) compared to VA. A betweengroup analysis did not demonstrate significant differences J Physiol 596.7 between ICA R BF S aO 2 , although ICA R CT S aO 2 was greater in NT. VA R BF S aO 2 and R CT S aO 2 were smaller in HT.
Resting tCBF and VTC did not differ between groups. However, the increases in tCBF (NT +531.8 ± 249.7 vs. HT +268.9 ± 229.7 mL min −1 , P = 0.046) (Fig. 1) , VTCT (NT +6.2 ± 2.9 vs. HT +2.3 ± 2.2 mL min mmHg −1 , P = 0.009), R BF S aO 2 and R CT S aO 2 were smaller in HT (Table 3) . Changes in MtCBF (NT +16.9 ± 7.9 vs. HT +8.6 ± 7.3 mmol min −1 per 100 g, P = 0.046) and MCT (NT +0.19 ± 0.09 vs. +0.07 ± 0.07 mmol min mmHg −1 per 100 g, P = 0.009) and absolute values of molar R BF S aO 2 (NT 0.70 ± 0.32 vs. HT 0.30 + 0.03 mL min S aO 2 −1 , P = 0.05) and R CT S aO 2 (NT 0.008 ± 0.003 vs. HT 0.003 + 0.003 mL mmHg min S aO 2 −1 , P = 0.010) were also greater in NT. Consequently, increases in CDO 2 (NT +32.4 ± 34.0 vs. HT −5.4 ± 28.9 mL min −1 , P = 0.031), MtCDO 2 (NT +1.1 ± 1.0 vs. HT −0.17 ± 0.9 mL min −1 per 100 g, P = 0.030) and cerebral CO fractional distribution (NT +3.0 ± 2.5 vs. +0.4 ± 2.3%, P = 0.016) were only observed in NT.
FA insonation failed in one NT subject. During IH, HT showed no FA vasodilatation and a blunted BV response. Thus, in contrast to NT, hypertensive FA BF did not change during IH. FA CT and CO fractional distribution were reduced in HT. Average and individual responses of LDO 2 and CO fractional distribution also showed a reduction in the HT FA perfusion indices during IH (Fig. 2) . A between-group analysis revealed that FA R BF S aO 2 and R CT S aO 2 were lower in HT. No significant changes were observed when NT FA R BF S aO 2 and R CT S aO 2 were compared with the NT ICA and VA responses. On the other hand, HT FA R BF S aO 2 and R CT S aO 2 were similar to VA but lower than HT ICA responses.
MSNA was obtained in five subjects of each group. Figure 3 shows representative MSNA traces for NT and HT (Fig. 3, upper) during NX and IH. Under normoxic conditions, MSNA burst frequency was greater in HT, although the incidence did not differ between groups (Fig. 3, lower) . Significant time-group interactions revealed that HT had greater increases in MSNA frequency (NT +3.6 ± 1.6 vs. HT +11.4 ± 6.5 bursts min −1 , P = 0.008) and incidence (NT +1.1 ± 2.5 vs. +11.0 ± 8.4 bursts 100 heart beats -1 , P = 0.038) during IH. Except for FA BF, LDO 2 and MSNA changes, no significant correlation was observed for ICA, VA and tCBF responses and sympathetic activity (Fig. 4) . P ETO 2 changes were also inversely related to MSNA (r = −0.586, n = 10, P = 0.04).
Discussion
Hypoxaemia evokes a repertoire of homeostatic adjustments that maintain oxygen supply to organs and tissues, including the brain and skeletal muscles. Because hypertensive patients demonstrate disturbed endothelial homeostasis (Mayhan, 1990b) , as well as increased resting and hypoxia-induced sympathetic drive to the vasculature (Somers et al. 1988) , we investigated whether hypertension impairs IH-induced cerebral and skeletal muscle hyperaemia to an extent that limits their oxygen supply. HT presented attenuated cerebral hyperaemia and oxygen delivery, as well as reduced leg perfusion and oxygen supply, in response to IH. MSNA was correlated with FA BF responses and could partially explain impaired peripheral perfusion. Because no significant correlation between MSNA and ICA or VA BF was found and HT VA R BF S aO 2 and R CT S aO 2 were impaired compared to HT ICA responses, we suggest that, rather than the increased IH-induced sympathetic activation, reduced HT VA responses may be the result of attenuated vasodilatory signalling.
Increases in cerebral (Kety & Schmidt, 1948 ) and skeletal muscle (Richards et al. 2017 ) BF during IH in the present study were simultaneously quantified in NT and HT middle-aged men. Increases in CBF during arterial desaturation are critical for the maintenance of cerebral oxygen supply, metabolic stability and homeostatic function . Reductions in C aO 2 were followed by increases in regional and tCBF, MtCBF, VTCT, MVTC and also CDO 2 , which were mediated by a greater CO distribution fraction to the NT brain. Hypoxia-induced increases in tCBF have been related to arterial vasodilatation and increases in BV spectra (Hoiland et al. 2017) , whereas regional hyperaemia has been characterized by an increased CO distribution to 'old' cerebral regions, such as the brainstem (Binks et al. 2008) . Vasodilatation and increases in BV were confirmed, although neither a preferential CO fractional distribution, nor a greater relative BF change in VA was noted when NT were exposed to IH. Thus, IH induced similar vasodilatation and incremental changes in anterior and posterior cerebral perfusion (Hoiland et al. 2017) . Nonetheless, the reactivity slopes (R BF S aO 2 and R CT S aO 2 ) revealed that ICA was more sensitive to desaturation than VA. The mechanisms behind arterial sensitivity and dilatation in response to IH remain to be clarified but may involve local responses to increased shear stress or reduced P aO 2 (Carter et al. 2016) . In line with the hypothesis that the entire cerebrovascular tree is responsive to changes in P aO 2 (Willie et al. 2012) , large arteries appear to act as first-line regulators of regional and total brain perfusion.
Hypertension attenuated tCBF response to IH. Although resistance to BF may be increased as a result of hypertension-induced vessel remodelling (Pires et al. 2013) , no impairment in either resting regional or tCBF was observed in HT. Nonetheless, the smaller brain perfusion and the lack of increases in oxygen delivery during IH were mainly driven by blunted VA vasodilatation and an attenuated increase in its BV spectra. Although the response of the middle cerebral artery velocity to hypoxia is impaired in patients with sleep apnoea (Reichmuth et al. 2009 ), the impact of hypertension on regional cerebrovascular responses to hypoxia is not established in humans. Based on the contribution of NO to hypoxia-induced cerebral hyperaemia (Van Mil et al. 2002) , the attenuation of VA responses in HT may be a consequence of impaired endothelium-dependent relaxation of both the vertebrobasilar system and small penetrating arterioles. For example, basilar artery vasodilatation in response to acetylcholine is blunted in spontaneously hypertensive rats (SHR) (Mayhan, 1990a) . Similarly, hypertensive patients demonstrated impaired VA endothelial-dependent vasodilatation in vitro (Charpie et al. 1996) . In addition to vertebrobasilar dysfunction, impaired vasodilatation of penetrating arterioles (Mayhan et al. 1987 ) may be responsible for smaller changes in VA BV under hypoxaemia. Thus, a reduced endothelial-mediated response to changes in shear stress should not be discarded with respect to explaining HT VA reactivity to IH. Although an increase in VA BF was only found in NT, IH-induced changes in ICA diameter, BV, BF, R BF S aO 2 and DO 2 did not significantly differ between groups. In addition, HT VA R BF S aO 2 and R CT S aO 2 were reduced compared to NT VA responses, suggesting that selective endothelial dysfunction occurs in the HT brain. No changes in MAP and comparable increases in total CT during IH reflect the dilatation of blood vessels throughout the body and also suggest that selective endothelial dysfunction is involved in the blunted VA dilatory response to IH (Luscher, 1992) . Preliminary data confirm selective endothelial dysfunction because systemic L-arginine infusion augments hypertensive carotid BF but not VA perfusion (Vianna et al. 2014) . Despite evidence for selective endothelial dysfunction, dysregulation of smooth muscle cells function and increased sympathetic activation could contribute to hypertension-related impaired vasodilatation in response to IH. Smooth muscle ATP-sensitive potassium channels (K + ATP ) play a role in IH-induced cerebral hyperaemia in rats, although the contribution of K + ATP to IH-induced vasodilatation in human hypertension has not been established. Animal models indicate impaired dilatation of the basilar artery of the SHR in response to K + ATP agonist (Kitazono et al. 1993) . Thus, hypertension could lead to K + ATP malfunctioning and result in impaired cerebral vasodilatation.
Cerebral arteries are abundantly innervated (Brassard et al. 2017 ) and both transient (Fernandes et al. 2016 ) and chronic (Rutland et al. 1980) hypertensive circumstances elicit sympathoexcitation and cerebral vasoconstriction. In addition, α-adrenergic blockade increases cerebral perfusion in essential hypertension (Rutland et al. 1980) , which is also characterized by increased whole-body and jugular venous noradrenaline spillover (Ferrier et al. 1992) . Similarly, the NX MSNA frequency was greater in HT, corroborating that it is generally higher compared to NT (Anderson et al. 1989) . Under IH, exaggerated MSNA was observed in HT. Based on this amplified autonomic drive, we hypothesized that sympathetic activity restrains IH-induced cerebral vasodilatation in HT, which would be indicated by an inverse relationship between MSNA, as well as regional or tCBF responses. However, the absence of significant correlations between these changes suggests a small contribution of the sympathetic nervous Correlations between MSNA frequency and tCBF, ICA BF, VA BF and FA BF (left) and LDO 2 (right) changes induced by isocapnic hypoxia. Black circles, hypertensive; white circles, normotensive. * P ࣘ 0.05. tCBF (n = 8) and ICA (n = 8) analysis did not include all data points because ICA insonation failed in one subject of each experimental group. Similarly, FA (n = 9) insonation failed in one normotensive subject.
system to impaired hyperaemic response of the HT brain. Lewis et al. (2014) also excluded the hypothesis that hypoxia-induced sympathetic overdrive would restrain CBF. On the other hand, in line with the centenary ideas of Harvey Cushing and 'the selfish brain hypothesis of hypertension' (Hart, 2016) , a reduced VA DO 2 in HT and a resulting inadequate cerebral oxygenation could stimulate the brainstem to restore its oxygen supply by sympathoexcitation and in turn hypertension. However, MSNA was not correlated with VA DO 2 or regional and tCBF. Although no group differences were observed in the ventilatory response to IH, exaggerated increases in ventilation could be masked by the end-tidal volume control to maintain eupnoeic P ETCO 2 levels. In accordance with this hypothesis, a correlation between MSNA and P ETO 2 suggests that IH-induced sympathetic activation is influenced by chemoreflex sensitivity. By contrast to regional and tCBF, changes in FA BF and LDO 2 were correlated to MSNA and may explain impaired peripheral perfusion and oxygen supply in HT. Similarly, peripheral vascular responses to hypoxia are attenuated in elderly subjects (Richards et al. 2017) . In heart failure patients, hypoxia-induced forearm hyperaemia was only restored after α-adrenergic blockade (Nazare Nunes Alves et al. 2012) . In the present study, reductions in hypertensive FA BV and CO fractional distribution support the hypothesis that hypoxia increases leg downstream vascular resistance via increased sympathoexcitation. Thus, a consequent reduction in endothelial-mediated response to shear stress may explain FA impaired vasodilatory capacity. Distinctive anatomical and functional characteristics (Brassard et al. 2017) of the vascular beds explain potential regional differences in the impact of IH-induced sympathetic activation on perfusion. Although large conduit and pial arteries are densely innervated by perivascular sympathetic fibres, this adventitial layer network decreases in density upon entering the Virchow-Robin space and then disappears in vessels within the brain parenchyma (Heistad & Kontos, 2011) . In addition, β-adrenergic receptors-mediated dilatation of small cerebral vessels (Heistad & Kontos, 2011) may counterbalance α-adrenergic-induced vasoconstriction in conduit arteries. A small contribution of sympathetic activation on cerebrovascular control may also be related to MAP remaining in the autoregulatory range during IH. Therefore, the functional role of the sympathetic activation on cerebrovascular responses may be limited by a potent modulation evoked by changes in P aO 2 . By contrast, amplified sympathoexcitation restrains hypoxia-induced increase in peripheral blood flow (Wilkins et al. 2006) .
These findings suggest that impaired leg perfusion is a consequence of leg downstream vascular resistance via sympathoexcitation. However, hypoxia-induced peripheral hyperaemia is also related to β-adrenergic receptors activation and increases in endothelium-derived NO bioavailability (Richards et al. 2017) . Thus, the hypothesis that the impaired vasodilatory capacity of the FA could reflect attenuated local vasodilatory signalling cannot be rejected because impaired β-adrenergic receptormediated vasodilatation (Stein et al. 1995 ) and a defective L-arginine-NO pathway have been reported in hypertension (Taddei et al. 1996) . By contrast to CO 2 reactivity, NT showed similar cerebral and leg vessels vasodilatory responsiveness to reduction in P aO 2 as indicated by a comparable R BF S aO 2 . FA diameter does not necessarily increase during hypoxia (DeLorey et al. 2004) , although discrepancies may be explained by methodological factors such as the characteristics of the hypoxic stimulus and the use of edge detection and wall-tracking software for identifying changes in arterial diameter.
Limitations
A single steady-state trial of IH is not representative of poikilocapnic hypoxaemia or intermittent hypercapnichypoxic episodes of sleep apnoea. Although intermittent hypercapnic-desaturation evokes hypertensive responses (Foster et al. 2010) , poikilocapnic hypoxia results in hyperventilation-induced hypocapnia without changing MAP (Ogoh et al. 2013) . Because hypertension impairs cerebrovascular reactivity (Maeda et al. 1994 ) and shifts both lower (Strandgaard, 1976) and upper (Strandgaard et al. 1975 ) limits of cerebral autoregulation, IH was chosen to isolate P aO 2 -evoked responses and avoid the impact of fluctuations in MAP and PaCO 2 on regional and tCBF. Considering that VA reactivity is controversial (Sato et al. 2012; Willie et al. 2012 ) and femoral circulation is much less sensitive to CO 2 than the brain vasculature (Ainslie et al. 2005) , IH allows direct within-and between-group comparisons of the potential regional differences between cerebral and leg conduit vessel responses to desaturation.
Regional cerebral circulation included right ICA and left VA BF responses, although side-to-side differences were not addressed. Schoning et al. (1994) reported similar BF in both the right and left ICA, although left VA perfusion was 20% greater compared to right VA. Because ICA and VA BF determination was standardized in both experimental groups, one-sided BF measurement did not affect between group comparisons. Although the mechanisms that we propose are supported by physiological assumptions and previous studies, they are only based on correlations coefficients and further evidence is needed. Attention should also be given to the small sample size. Only men were investigated and animal-based work highlights the need for taking into account sex differences in hypoxia-induced haemodynamic changes.
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Conclusions
Hypertension disturbs regional cerebrovascular and peripheral responses to IH and consequently limits oxygen supply to the brain and skeletal muscle. Increased hypoxia-induced sympathetic activity may explain impaired leg perfusion, whereas attenuation of local vasodilatory signalling in the posterior cerebrovasculature may be involved in the reduced cerebral hyperperfusion when hypertensive subjects are exposed to isocapnic hypoxia.
